INTRODUCTION
The parametric optimization of existing brake discs is an integral part of the brake system design procedure as many of the parameters defining the brake's geometry and performance are often dictated by packaging constraints (the wheel diameter and offset influence the rotor diameter and caliper size respectively). Therefore, it is imperative to look for the highest performance within the system constraints.
With any design problem there are objectives and constraints that must be met. With mechanical design, size, weight, strength, and cost are a few of the many constraints that may need to be taken into consideration when designing for a set of objectives. With finite element analysis and optimization, more complex problems can be solved more quickly, decreasing the amount of physical testing for a new design. An optimum design can be achieved based on predetermined criteria using computational methods.
Sometimes unforeseen problems arise and additional design goals need to be met; it is also possible to determine where and how changes should be made, if the intended use of the new product were to change, because all conditions for optimization are known. This helps address the cases where non-optimal designs may continue to be used to cut the time, cost, and risk of trying to find a better design. For these reasons, finite element techniques were chosen as the design method for designing a disc brake rotor.
The optimization of automotive vehicles braking systems, subjected to mechanical and thermal stresses, depends on a combination of properties. In general, a complex state of stress is found and it is practically impossible to select a material and design a component based only on one of these properties. The material used in brake rotors should be able to bear thermal fatigue and should absorb and dissipate, as soon as possible, the heat generated during braking. The high thermal conductivity allowing lower temperatures in the region under friction, which contributes to an increase in life of the component. Mechanical and thermal properties of stainless steel may be improved through the addition of ceramic coatings on the surface which in contact with the brake pad.
Finite element optimization techniques are used to design a single alloy disc brake rotor that is lighter and performs as well as existing single alloy rotors. The scope of this paper is to investigate rotor design using topological optimization for a single alloy disc brake rotor. All finite element analysis and optimization is done on a linear finite element solver. Under normal braking, the rotor should remain in its elastic region. Otherwise the rotor would deform after each use.
II. DESIGN METHODOLOGY
To develop the optimized product commonly by reducing the weight while ensuring that it meets the design functionality and reliability. Structural optimization tools like topology and shape optimization along with manufacturing simulation are becoming attractive tools in product design process. These tools also help to reduce product development time. Objective of this investigation is to reduce weight and wear of brake rotor system. This paper focuses on thermal and static analysis. Finite element analysis has been used to implement optimization and maintaining stress and deformation levels and achieving high stiffness. Reduction of weight has been one the critical aspects of any design along with reduction in deformation and stress factors, which increases the life of the product. It has a substantial impact on vehicle performance.
Validation process is an important step in this design optimization. The optimized model's performance is compared with initial models.
Fig1. Design optimization flowchart

III. MATERIAL SELECTION
The primary base material selected for the rotor is stainless steel due to its strength, hardness and corrosion resistance. Other materials like Cast iron and aluminum were also considered as alternatives initially but cast iron becomes too brittle if used in low thickness rotors and though aluminum dissipates more heat but it needs to be anodized with hard coat to withstand the deformations. Finally Hardened 420 stainless steel is chosen for its high strength to weight ratio and tensile strength, its availability in the local market also plays a prominent role.
The zirconia-based ceramic coatings are used as thermal barrier coatings owing to their low conductivity and their relatively high coefficients of thermal expansion, which reduce the detrimental interfacial stresses.
Table1 
V. MODEL AND NUMERICAL ANALYSIS
V.I. DESIGNING A CAD MODEL CAD model of brake rotor was developed in 3D modeling software SOLIDWORKS, it consists of bolt holes for mounting, holes on surface for heat dissipation, out periphery is designed such that the stress concentration can be reduced and also for cleaning of pads. Rotor design mainly depends on caliper and the wheel-rim internal diameter.
Fig2. Initial model of brake rotor
An initial CAD model of rotor is modeled with a rotor thickness of 7 mm and rotor diameter of 240 mm. Takqing the initial design as reference, a modified geometry with different layers of ceramic coating has been modeled. The new model has 5 layers where the first layer is of 350 μm and the second layer is of 150 μm and the third layer is of 6 mm and again the similar coating layers of similar thickness is followed on the other side of the third layer. 
V.III. BOUNDARY CONDITION AND FORCE DISTRIBUTION AND ANALYSIS
The analysis is a coupled type analysis as the thermal analysis is done and the residual thermal stress are imported to the static structural analysis. For thermal analysis, boundary condition, convection heat coefficient is applied along with the heat flow throughout the body, and then it is solved in terms of temperature and heat flux. The thermal stress is imported to static structural analysis. The boundary condition and loading condition were set following conditions for testing purpose in one automotive manufacturing company. The boundary conditions were defined by fixing all the bolt holes surfaces. The force is applied to the patch where the brake pad touches the instant when brake is applied. It is solved in terms of total deformation, equivalent stress and equivalent strain. 
VII. CONCLUSION
Optimization method used in this study in reducing the mass of brake rotor. Validation is done through finite element solver with the initial model and checked that maximum stress and displacement are within control. This optimization process also gives small change on the displacement and stress. The displacement and stress has significantly reduced in the new optimized design proving to provide better life of the product. Therefore, the overall weight of the rotor can be reduced by 10.11%, deformation by 74.11% and stress by 74.21%.
